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ABSTRACT

Data required for evaluating a Criterion Referenced
Measurement (CRM) is described with a matrix. The information within
the matrix consists of the "pass~fail" decisions of two CRMs. By
differentially defining these two CRMs, different concepts of
reliability and validity can be examined. Indices suggested for
analyzing the matrix are listed with their formula. Using the
National Norm Group for the Primary Test of Economic Understanding,
three questions were investigated: (1) What indices are consistent
across samples?; (2) What indices are giving independent
information?; and (3) Are these same indices consistent when sample
sizes vary? The procedure and analysis used to obtain answers to the
questions are given, and five tables provide the study data. (CB)
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With the current trends towards accountability, management by ob-
jectives, and objective based evaluation measurement of specific behavioral
objectives will undoubtedly increase., There are two approaches to report-
ing an individual's performance on an objective, Norm referenced measure-
ment (NRM) provides for assessment of objectives; however, its theory is based
upon comparison of an individual's performance to the performance of some
defined populstion. Criterion referenced measurement (CRM) also provides
for assessment of objectives; however, its theory is based upoil comparison
of an individual's performance to an established criterion, Information
concerning this individual's rank in relation to a population is basically
of no interest.

The value of each theoretical base has been established in other dis-
cussions., Procedires for investigating and improving NRM are greatly de-
veloped partially as a result of longevity, CRM lacks such investigative
procedures due to its more recent arrival,

Psychometrictans have attempted to apply investigative techniques de-
veloped for NRM to the newer CRM, Obviously, in view of their theoretical
differences, many of these techniques have been found wanting., New pro-
Cedures have been developed for specific cases of CRM: however, their

generalizahility kas not been investigated. What is overdue is a thorough




look at what concerns are appropriate for CRM and what techniques can best
be used to investigate these concerns within CRM.

Validity and reliability,-in that order, are the two "qualities of any
test" that receive the majority of attention in any measurement discussion.
Although one seldom establishes the validity of a NR test in the absence
of reliability data, evidence is usually desired to establish both pro-
perties of an achievement test. The same types of evidence should be re-
quired of CR measures.

Valid arguments have been made to suggest the CRM and NRM diiffer on
one important aspect--that of a total score, While a total score is usually
desired in the case-of a NR test, it will seldom be meaningful in the case
of CRM. TIn fact, CRM produces one score for each objective measured, and
a "total" score simply represents a summary of the performancc on a number
of tasks on one objective. When only one or two items are available per
objective, statistical evaluation of CRM becomes similar to item analysis
in NRM. Thus, a treatment of validity and reliability for CRM deals with
item analysis,

If we are to use item analysis procedures for evaluating a CRM then
we must determine what type of score is produced by the item. Scores may
be dichotomous or multi-score. Since the decision which is usually made
as a result of a CRM is whether an individual has mastered an objective, the
multi-score item would eventually result in a dichotomous item for purposes
of decision-making.

A CRM ("item") can make two types of incorrect decisions in this '‘pass-
fail" situation. Hambleton and Novick (1972) referred to these errors as
false positives and false negatives. A false positive error occurs when

the CRM identifies the individual as having "passed" or mastered the objective




vhen, in fact, he has not. In the situation where the CRM identifies the
individual as having "failed" the object when, in fact, he has achieved the
criterion then the CRM has made a false negative error.

Reliability, then, can be thought of as the CRil's ability to consistently
make the same decision. Validity is the CRM's ability to make the appropriate
decision. "Appropriate'' means that neither a false positive or a false nega-
tive decision error has been committed in reference to the objective being
measured.

As in NRM, to examine these aspects we must look at results from groups
of examinees. The adequacy of a CRM will be determined by its ability to
discriminate consisteatly and appropriately over a large number of cases.

Reliability «nd validity procedures in NRM are based upon the &ssump-
tion that variability exists in the construct being measured. If this assump-
tion is not met both reliability and validity indices are correspondingly
low.

In CRM this assumption is not a viable one to make. In many instruc-
tional situations this assumption will not even be approximated. In fact,
this heterofeneity of attainment is contrary to the philosophy which gave
rise to CRM.

This difference between NKM and CRM is the basic criticism of the work
of Livingston (1972). Livingston devised a reliability coefficient based
on the degree of deviztion from a criterion score (rather than deviatious
from the mean as in NRM). But CRM is concerned only with the accuracy of
the "pass-fail" decision and is relatively unconcerned with a person's attain-
ment above or below this cut-off point. Eventually this may be of interest
to give an indication of how much additional training the examince needs

if he has not yet met the established criterion.




farver (1970) proposed two p:ocedures to assess reliability of a CRM.
For a single form he suggests comparing the percentage identified as meet-
ing the objective in one group to the percentage identified as moeting the
objective in another similar group. For parallel-form reliability he re-
commends using one group and comparing the percentages iuentified as having
criterion on the two parallel forms.

Similar logic in NRM would require the computation of & reliability co-
efficient using two different groups of individuals, We nust know how tyo
CRMs, identical or parallel, identify the same examinee in regard to his
attainment of the objective.

Various authors (Popham and Husek,. 1969; Helmstadter, 1972; Cox and
Vargis, 1966) have used item analysis procedure for determining content
validity. A CRM is administered previous to a unit of instruction and again
foliowing the unit. The assumption is that if the item discriminates be-
tween the pre- and posttests then it is reliable and valid for the content
of that course,

This assumption is acceptable when the item does discriminate. However,
when the item does aot discriminate we do not know if the item is unreliable
or an invalid measure of the objective; vhether the objective iy inappropriate
for the course of instruction, or whether the instruction did not teach the
objective, This pre-post procedure should be used to examine content validity
after the items have been shown to be both reliable and valid for the object-
ive being measured.

The data required for evaluating a CRM can be described with a matrix.
The information within the matrix consists of the 'pass-fail' decisions of
two CRMs. By differentially defining these two CRMs we can examine different

concepts of reliability and validity. This matrix is shown below.




CRM #1
Pass (Fﬁl .
Pass! A f B
CRM #2 ; ‘i
Fail. ¢ |

By defining the two CRM's as being the same measure we can examine
test-retest reliability. If the two CRM's are different measures of the
same objective, parallel forms reliability can be expressed. Validity of
one £RM can be determined if the other CRIM is a criterion measure.

Various indices have been suggested for analyzing this matrix. These
indices are listed, with their formula, on the following page.

Given all of these indices two questions arise. What information is
being derived from these indices, and which indices are giving this informa-
tion most accurately and consistently?

We would expect that, given a specific pool of pairs of items, each pair
a measure of a common objective, an index should rank these measures in the
same orde1r across samples from a population. To the degree that an index
¢ n accomplish this, it can be considered a consistent measure,

By determining whether any of these indices tend to group together,
i.e. provide similar information, we can determine what information is being
gained.

To =xhibit accuracy an index should plpvide one type of information and
be independent of other groups of indices. 'If variables are confounded then

one is not certain what information is derived.




Index

Formula

Phi

Lamda

Lamda K

Difficulty of CRM #1
Difficulty of CRM #2
Average Difficulty
Objective Difficulty

Deviation between Expected
Objective Difficulty and
Obtained Objective Difficulty

Agreement between CRMs
Difference between Error Cells
~ Objective Difficulty + Lamda

Objective Difficulty + Lamda K

AD - BC
Y/ (A+C) (B+D) (A+B) (C+D)

1 + [Zpaa-Y(PM: + P:M)/1-%(PM: + P-M)]
, Dl

J(B+C+D) /3]+D
[(B+C+D)/3] + B + C + D

A+ C
N

A+ B
N

Difficulty of CRM#1 + Difficulty of CRM#2

2

A
N

[(A+C) (A+B)] - A

P4

% + Lamda

% + Lamda K




Methodology

Data Base
National Norm Group for the Primary Test of Economic Understanding
(Davison and Kilgore, 1971).
This test consists of 64 true-false items over 32 concepts.. Each con-
cept has two items measuring it with one item keyed true and one item keyed
false. Each item can therefore be considered a CRM over the underlying con-

cept. This pair of CRMs can then be placed in the matrix format indicated

earlier. The national norm group consisted of 166 classrooms from 20 states.

Procedure and Analysis

Three principal questions must be investigated: 1, What indices are
consistent across samples; 2. what indices are giving independent informat:on;
and are these same indices consistent when ‘sample sizes vary?

To answer the first two questions, classrooms were assigned to subgroups.
The twelve indices listed on page 6 were computed for each of the 32 concepts
on PTEU for each subgroup. Each index for a concept would, therefore, be
replicated in each subgroup. In order to demonstrate consistency an index
should rank these 32 concepts the same for all subgroups. If we call the
concepts our sample and the two values of the index derived from two different
subgroups our two variables X and Y, then the correlation between X and Y
should be higher for every combination of subgroups.

All of the indices computed were entered into a factor analysis, If
all of the combinations of subgroups result in similar correlations then all
replications of the same index should load consistently on the same factor.

By taking an average of the loadings of the replications of an index on a

factor 'nd also computing e standard deviation one can examine the strength




of the loading on that factor (mean of the replications) and the consistency
across subgroups (standard deviation of the replications). The aspect of
independent information can be investigated by comy: ring the mean loadings
across factors. An index which provides independent information would have

a high mean loading on one factor and low mean loadings on the remaining -
factors, Consistency of an index would be evidenced by small standard de-
viations of the loadings across subgroup.

Consistency of indices across varying sample sizes (question 3) was
determined by performing the analysis discussed above on four major groups.

The classrooms were randomly assigned to a particular subgroup within a major
group. The ;ubgroups within a major group were all of equal size, but size
differed across the major groups. '

The first three major groups consisted of five subgroups each. The sizes
of these subgroups were one, five, and ten classrooms respectively. The fourth
rajor group was formed with two subgroups, each made up of thirty classrooms.

In terms of "students" the average size of subgroups within each major

group was 30, 150, 300 and 800 'students'" respectively.

Tablz 1

Group Assignment

Majcr Group II i Major Group III : Major Group IV

Major Group I

‘5 subgroups } 5 subgroups ' 5 subgroups % 2 subgroups
v ¥
'Each subgroup ' Each subgroup i Each subgroup " Each subgroup
‘consisted of ' consisted of " consisted of " consisted of
,one classroom + five classrooms ten classrooms thirty classrooms:

Consistency of indices across sample sizes would be demonstrated by

similar factor structurs across the major groups.




Table 2

Means and Standard Deviations of Factor Loadings
For Each Index for Group I

(Each mean is based on five subtgroups;
Each subgroup consists of one classroom)

* Factor 1 , Factor 2 Factor 3
Index - ‘

Mean S.D. M%ﬁSJ.;Mm S.D.
Phi | 18T .17 . 060 .35 } 35 .31
"Lamda .06 .09 . .03 .15} .53 .29
‘Landa K : -9 .22 .04 .10 ¢ .54 .26
Difficulty of CRM#1 -.14° .55 .43 .10 .05 .20
Difficulty of CRM#2 .07 .14 457 .16 .31 .21,
Average Difficulty 300 .28 41 .14 - 19 .16
Objective Difficulty Bs2 18 -.58 .18 1 .16 .24
‘Deviation between Expected !

Objective D@ffi?ulty.anq < ‘

Obtained Objective Difficulty : 16 .19 -.17 .29 i -.23 .29
Agreement between CRMs .64 .08 -.06 .13 : 00 .17
Difference between Error Cells ;-.08 .27 : 61 .18 -.33 .13
Objective Difficulty + Lamda ! .72, .08 -,07 .13 09 .24
Objective Difficulty + Lamda K | 73 .07 -.02 .13 02 .21
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Table 3
Means and Standard Deviations of Factor Loadings
For Each Index for Group II
(Each mean is based on five subgroups;
Each subgroup consists of five classrocus)
! Factor 1 Factor 2 Factor 3
Index \ - .
'Mean’ S.D. . Mean S.D. ~ Mean $.D.
v — ~
Phi " .34 .08 . -.05, .06 .28 .61
Landa 08 .16 .06 .21 i .64 .33
Lamda K -.25 .32 .04 .18 61, .32
Difficulty of CRM#1 -.49 .10 T -.63 .15 , .28 .06
‘Difficulty of CRM#2 -.20 .18 . .78 .13 .30 .05
jAverage Difficulty .20 .02 . .92 .01 ' -,01' .04
Objective Difficulty .36 .04 .88 .02 7 .06 .05
‘Deviation between Expected

Objective Difficulty and : ‘

Obtained Objective Difficulty -.22 .09 00' .05 -.65 .09
iAgreement between CRMs 93 .02 .07) .06 ' .08 .04
¢ H
Difference between Error Cells -.07 .07 94 .01 ' -,04 .04°
! ! ,
‘Objective Difficulty + Landa 91 .02 07 .05 .10y .04
Objective Difficulty + Landa K .93 .02 07 .06 .08 .04
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Table 4

Means and Standard Deviations of Factor Loadings
For Each Index for Group III

(Each mean is based on five subgroups;
Each subgroup consists of ten classrooms)

: Factor 1 | Factor 2 Factor 3

! Index —— -

; Mean S.D. Mean S.D. Mean S.D.
;

Phi f 37 .24 =027 .14 .50 .29
iLamda 03 .09 .09 .16 .71 .36
iLamda K -.28. .27 .osg 14 68 .33
'Difficulty of CRI¢I =46 .05 -.79 .08 .17 .06
Difficulty of CRMY2 =07 12 91 .02 - .27 .05
Average Difficulty 20 .04 -.94° .02 .04 .08
Objective Difficulty .40 .04 .89 .02 .09 .04

!
‘Deviation between Expected

Objective Difficulty and . . ) :
Obtained Objective Difficulty -.34 .09 -,03. .13 ..71 .11

{
i
iAgreement between CRMs .95 - ,01 .06° .04 " ,09 .03

'Difference between Error Cells -.12 .05 .96 .01 . -.08 .05

Objective Difficulty + Lamda .94 .01 07 .05 .06 .10

dbjective Difficulty + Lamda K .95 .01 .06 .04 .05 .09




Table 5

Means and Standard Deviations of Factor LoadiAgs
For Each Index for Group IV

(Each mean is based on two subgroups;
Each subgroup consists of thirty classrcoms)

T Factor 1 ~ Factor 2 Factor 3

‘ Index ' : :

) Mean S.D. x Mean' S.D. Mcan: S.D.

Phi g 900 .01 Vs .07 .03 .04

'Lamda .38, .02 -.89 .01 -.14 .02

iLamda K 39, .01 -.897 .01  -.117 .02
; { ) )

‘Difficulty of CRM#1 -.011 .00 .88: .01 A7l

! 8 ¢

IDifficulty of CRM#2 160 .02 . .74 .00 ; -.63 .00,

; ' i

‘Average Difficulty 09 .01 % .99 .00 ; -.07" .01,

Objective Difficulty 28! .00 .05 .00 -.01, .15}

'Deviation between Expected ' '

; Objective Difficutly and | ) {

| Obtained Objective Difficulty .84 .02 .35 .04 ' .09 .04

: ' 1

Agreement between CRMs © .68 .03 .61, .03 -.32 .01

:Difference between Error Cells -.14 .02 .19; .01 .96, .00

! ' ,

|Objective Difficulty + Lamda .83 .02 ° .30 .06 -.37 .02

‘Objective Difficulty + Lamda K 64 .02 700 .01 -.28 .01




